Phobic responses are strong emotional reactions towards phobic objects, which can be described as a deficit in the automatic regulation of emotions. Difficulties in the voluntary cognitive control of these emotions suggest a further phobia-specific deficit in effortful emotion regulation mechanisms. The actual study is based on this emotion regulation conceptualization of specific phobias. The aim is to investigate the neural correlates of these two emotion regulation deficits in spider phobics. Sixteen spider phobic females participated in a functional magnetic resonance imaging (fMRI) study in which they were asked to voluntarily up-and down-regulate their emotions elicited by spider and generally aversive pictures with a reappraisal strategy. In line with the hypothesis concerning an automatic emotion regulation deficit, increased activity in the insula and reduced activity in the ventromedial prefrontal cortex was observed. Furthermore, phobia-specific effortful regulation within phobics was associated with altered activity in medial prefrontal cortex areas. Altogether, these results suggest that spider phobic subjects are indeed characterized by a deficit in the automatic as well as the effortful regulation of emotions elicited by phobic compared with aversive stimuli. These two forms of phobic emotion regulation deficits are associated with altered activity in different medial prefrontal cortex subregions.
INTRODUCTION
Recent research has emphasized the importance of emotion regulation for understanding the (neural) processes underlying mental disorders (Campbell-Sills and Barlow, 2007; Etkin and Wager, 2007; Gross and Thompson, 2007; Johnstone et al., 2007; Linehan et al., 2007) . Also, in specific phobia strong emotional responses towards phobic objects can be described in terms of diminished down-regulation of emotions. Symptom provocation studies indicate increased neural activity related to phobic reactions in areas such as the amygdala, insula and dorsal anterior and mid-cingulate cortex (Carlsson et al., 2004, Etkin and Wager, 2007; Goossens et al., 2007; Hermann, et al., 2007; Schienle et al., 2005 Schienle et al., , 2007 . There are also studies that show diminished responses in prefrontal cortex (PFC) areas (Johanson et al., 1998 (Johanson et al., , 2006 Carlsson et al., 2004; Hermann et al., 2007; Schienle et al., 2007) , e.g. in the medial prefrontal cortex. Such hypoactivations have also been observed in anxiety disorders other than specific phobias Rauch, 2006, 2007a; Etkin and Wager, 2007) . Emotion regulation studies indicate that these prefrontal cortex regions are involved in both effortful (dorsal PFC and anterior cingulate cortex regions) as well as automatic (ventral PFC regions) emotion regulation processes Gross, 2005, 2007) . Dorsolateral PFC regions which are important for executive and working memory processes as implicated in effortful emotion regulation (Phelps, 2006) , have few direct reciprocal connections with emotional appraisal regions (Ochsner and Gross, 2007) . So, effortful regulation of emotions is considered to influence brain mechanisms related to automatic regulation processes in order to reduce activity in emotional appraisal regions such as the amygdala (Phelps, 2006) . Thus, previous results on the neural correlates of specific phobias might reflect a deficit in the automatic regulation of phobic responses as well as difficulties in the effortful cognitive control of these strong emotions . Furthermore, individuals with specific phobias are characterized by irrational cognitions in phobic situations. Such catastrophizing thoughts as a form of effortful up-regulation of emotions might be an important factor in the maintenance of phobic disorders. The neural correlates of these processes in spider phobics have not been investigated as yet.
Moreover, several studies indicate that considering the form and time course of the blood oxygen level-dependent (BOLD) response in various brain regions is especially important in phobic compared with non-phobic responses and during the investigation of emotion regulation processes. Larson et al. (2006) reported that the amygdala response has a faster onset and earlier peak in phobics than in controls and also in response to phobic compared with other negative emotional stimuli. Another study concerning emotion regulation processes in healthy subjects (Goldin et al., 2008) showed that different emotion regulation strategies can be distinguished by the temporal dynamics of the underlying response. All in all, an appropriate model for the underlying hemodynamic response is crucial for studying the neural correlates of emotion regulation especially in specific phobia.
The purpose of this study was to examine the neural correlates of (i) (phobic) emotional responses, (ii) automatic emotional dysregulation in response to phobic compared with non-phobic emotional stimuli, (iii) effortful (phobic) emotion regulation and (iv) deficits in the effortful regulation of phobic compared with generally aversive emotional responses within spider phobic subjects. Therefore, spider phobic individuals were asked to up-and down-regulate their emotions elicited by phobic and generally aversive emotional pictures or to look at the pictures (phobic, aversive, neutral) and respond naturally. A control group was not examined as spider pictures are experienced as affectively neutral by healthy controls (Schienle et al., 2005) and are insofar no appropriate stimuli for the regulation processes investigated in this study.
Successful emotion induction should be reflected in enhanced activity in the amygdala, insula and dACC. Concerning an automatic regulation deficit of phobic compared with non-phobic emotional responses, reduced activity in ventromedial PFC (vmPFC) regions accompanied by higher activity in the amygdala, insula and dACC is assumed for looking at spider compared with aversive pictures. Furthermore, we hypothesize that dorsal and ventral PFC areas are involved in the effortful (up-and down-) regulation of emotional responses by modulating activity in structures like the insula and amygdala. A deficit in the down-regulation of phobic compared to generally aversive emotional reactions is expected to be related to diminished activity in the medial PFC in response to phobic compared with generally aversive stimuli, whereas easier up-regulation in response to phobic stimuli is assumed to more strongly activate the dACC, amygdala and insula accompanied by higher activity in regulatory medial PFC regions. To account for varying time courses and shapes of the BOLD response, we used finite impulse responses to model the underlying hemodynamic response without assuming a specific shape. We expect early and short-lasting responses in the amygdala whereas activity in regulatory prefrontal cortex areas is assumed to be more sustained.
METHODS AND MATERIALS Participants
Sixteen female patients with a DSM-IV (APA, 1994) diagnosis of specific phobia (animal type: spiders; 300.29) participated in an fMRI-study. Because of our specific interest in phobic vs non-phobic emotion regulation mechanisms within spider phobics and previously observed affectively neutral ratings of spider pictures in healthy controls (Schienle et al., 2005) , preventing from a meaningful investigation of effortful regulation in healthy controls, we used a within-subject experimental design (without a control group). Participants were recruited by notices at the university campus and announcements in local newspapers and were paid 20E for their participation. All of them were right handed. They gave written informed consent after the nature of the experiment had been explained to them. All procedures were conducted according to the Declaration of Helsinki. A diagnostic interview (Margraf, 1994) was completed in a first session to exclude subjects not meeting the criteria for a DSM-IV diagnosis of spider phobia. Current or past mental or neurological disorders and the use of psychotropic drugs were further exclusion criteria. As a further diagnostic tool the spider phobia questionnaire (SPQ; Klorman et al., 1974) 
Stimuli
The stimulus material consisted of 126 pictures that were taken from the International Affective Picture System (IAPS; Lang et al., 1997) and an additional picture set (Schienle et al., 2002) , or were compiled by the authors. The spider category consisted of 54 pictures with different spiders in natural scenes or on several parts of human bodies. The aversive stimuli depicted aversive scenes (e.g. injuries, disgusting food), which are highly arousing. As neutral stimuli, scenes depicting objects or humans in different locations were chosen. In every category half of the pictures showed humans whereas the others did not.
Procedure
The study was conducted on 2 days. On the first day, the diagnostic interview was carried out and participants completed the SPQ. They also underwent an anatomical scan in order to get familiar with the MR scanner. The experiment was completed in a second session. The participants were given reappraisal instructions to down-or up-regulate the emotions elicited by the pictures or to look at the pictures and respond naturally. In the down-regulation condition, they were to imagine that the situation depicted was not real and that they were not personally involved. In order to up-regulate the negative emotions elicited by the pictures, they were instructed to imagine that it was a real situation in which they were personally involved. The instruction to look at the pictures meant to respond naturally without altering the appearing emotions and thoughts.
Emotion regulation instructions were given to the participants verbally and in written form outside the scanner. Understanding of the task was ensured by carrying out some practice trials with a clinical psychologist. After that, the subjects performed the regulation task (28 trials; pictures not used during the fMRI experiment) at an external computer to familiarize themselves with the task. During the experiment, the instruction was given for 1.5 s using a white arrow on a black screen pointing up, down or to both sides (left and right) indicating the three regulation instructions (up, down, look) . After this, an aversive, a spider or a neutral picture was shown for 6 s, in response to which the subjects were asked to regulate their negative emotions or look at the picture for the entire time of presentation. Neutral stimuli were only presented in the 'look' condition. Thereafter, a rating screen appeared that requested participants to indicate the intensity of negative emotions experienced at the moment on a 7-point Likert scale (not at allvery strong). This scale disappeared after pressing a button or automatically 5 s after onset, even if no response had been given. Before the beginning of the next trial, a fixation cross appeared on the screen (mean duration: 2.5 s). The pictures in each category were randomly assigned to the regulation instructions (balanced for pictures depicting humans) and the sequence was also pseudo-randomized for each subject. In the scanner, the participants performed further practice trials (14 trials; ca. 3.5 min) before the experimental run (126 trials; ca. 32 min) was started. After scanning, subjects rated every picture on an external computer on the dimensions valence, arousal, fear and disgust (valence and arousal: self assessment manikin, Bradley and Lang, 1994 ; fear and disgust: 9-point Likert scales, not at allvery strong). In addition, they indicated the experienced regulation effort when performing the regulation on a 9-point Likert scale (no effortstrong effort).
Data analysis
Self-report data. Ratings were analyzed by computing repeated measures analyses of variance. For the post hoc t-tests, a Bonferroni correction was used to control for multiple comparisons. These statistical analyses were conducted using the general linear model procedure in SPSS 11.0.
fMRI data. Functional imaging data were acquired with a 1.5 T scanner with a standard head coil (Magnetom Symphony, Siemens, Erlangen, Germany). A total of 680 volumes was acquired during the experiment using a T2*-weighted gradient echo-planar imaging sequence with 30 slices covering the whole brain (slice thickness ¼ 4 mm, 1 mm gap, descending, TE ¼ 55 ms, TR ¼ 2860 ms, flip angle ¼ 908, field of view ¼ 192 mm Â 192 mm, matrix size ¼ 64 Â 64). The orientation of the axial slices was parallel to the AC-PC line.
Pre-processing of the fMRI data was carried out with SPM2 and first-and second-level analysis with SPM5 (Wellcome Department of Cognitive Neurology). The first three volumes were discarded to allow for saturation effects. Data were realigned to the first image of the series, slice time corrected, normalized to the MNI-brain, and spatially smoothed with a Gaussian kernel of 8 mm FWHM. BOLD responses were modelled using finite impulse responses with a 8.58 s (3Â TR) time window [2.86 s time bins (TB) ¼ TR] for each regressor (look spider, down spider, up spider, look aversive, down aversive, up aversive, look neutral) starting 4s after picture onset (TB1-3; early, middle and late phase) to account for the lag of the BOLD response (see Eger et al., 2007) . Modelling the complete BOLD response was not conducted to avoid model overfitting. Motion parameters were considered as covariates. Data were high-pass filtered (256 s) and corrected for autocorrelated errors [AR (1)]. Three contrast images per subject and condition were analyzed by means of a second level repeated measurement ANOVA. We computed t-contrasts between picture categories in the look condition (spider vs neutral, aversive vs neutral, spider vs aversive) and between instruction conditions (up vs look; down vs look) within each emotional picture category (spider, aversive) individually for each time bin (TB1-3). To test for the hypothesized interaction effects [contrast: spider (up-look) -aversive (up-look) masked inclusive (P < 0.05) by spider (up-look) ; contrast: aversive (down-look) -spider (down-look) masked inclusive (P < 0.05) by aversive (down-look) ] we also computed t-tests for each time bin (TB1-3). As we were further interested in the association between symptom severity (SPQ) and activity during looking at spider compared with neutral or aversive pictures, we computed simple regression analyses in SPM5.
Statistic images were thresholded using clusters determined by P < .05 (corrected for the whole brain, Worsley, 2001) for exploratory analyses and with P < 0.01 (uncorrected) for region of interest (ROI) analyses. Clusters of at least 10 contiguous voxels were considered in this analysis. Voxel intensities exceeding a significance threshold of P < 0.05 FWE-corrected (Worsley, 2001 ) were considered significant. ROIs were defined for the amygdala, insula and several prefrontal cortex regions [rostral anterior cingulate cortex (rACC), dorsal anterior and anterior mid-cingulate cortex (dACC), dorsolateral PFC (dlPFC), dorsomedial PFC (dmPFC), ventrolateral PFC (vlPFC) and ventromedial PFC including medial orbitofrontal cortex (vmPFC)]. ROI creation was based on the anatomical parcellation of the MNI brain as described by TzourioMazoyer et al. (2002) and created with MARINA (Walter et al., 2003) . For each specific contrast ROI analyses were done only for the hypothesized regions (e.g. spiderneutral: amygdala, insula, dACC).
RESULTS

Negative emotion experience
Subjective emotional experience. The negative emotion induction was successful as spider and aversive compared with neutral pictures led to stronger subjectively experienced negative emotions. This was indicated by higher online ratings of negative emotions, lower post scan valence and higher post scan arousal, disgust and fear ratings for each emotional picture category compared with the neutral category (pairwise t-tests: all P < 0.001; see Table 1 ).
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Neural Responses (spider -neutral & aversiveneutral). As expected, phobic stimuli evoked stronger activity in regions involved in the attentive processing of emotional stimuli (amygdala, insula, parietal and frontal cortex regions; Table 2 ). Furthermore, symptom severity was positively correlated with activity in the left and (marginally significant) with activity in the right amygdala during the middle phase (left: MNI: À24, À6, À18; t ¼ 3.74; right: MNI: 24, À6, À12; t ¼ 3.45; P < 0.08).
Aversive pictures also led to stronger activation in several temporal, parietal and frontal cortex regions (see Table 2 ).
Automatic emotional dysregulation
Subjective emotional experience. According to our hypothesis of an automatic emotion regulation deficit in response to phobic compared to generally aversive material (within spider phobics) the intensity of negative emotions during simply looking at the pictures was higher for spider compared with aversive pictures (t-test: P < 0.001; see Table 1 ). The post scan valence, arousal, fear and disgust ratings (see Table 1 ) showed the same pattern of results with stronger negative emotions for spider compared with aversive pictures (pairwise t-tests: all P < 0.001). Neural responses (spider vs aversive). Responses to spider compared with aversive pictures during simply looking at them, led to stronger early activation in regions important for (visual) attention processes (right precuneus, inferior parietal cortex, right mid-cingulate cortex), in prefrontal control regions (left inferior frontal gyrus, dACC) and in the insula. During the middle phase significant activity was observed in the right mid-cingulate cortex, the bilateral superior temporal pole, the left supplementary motor area and the bilateral dACC (Table 3) . Only the left insula showed a stable response during the early, middle and late processing whereas the expected amygdala activity could not be observed. However, we found a strong correlation between right amygdala activity and symptom severity (SPQ) during the early phase (MNI: 27, À6, À15; t ¼ 5.29; r ¼ 0.84) for spider compared with aversive pictures (Figure 1) .
The hypothesized phobia material-specific automatic emotional dysregulation is further reflected in (marginally significant) diminished activity in ventromedial prefrontal cortex regions during the middle (left vmPFC, P < 0.08; Table 3 and Figure 2 ) and late processing phases (left and right vmPFC) when simply looking at spider compared with aversive pictures.
Effortful emotion regulation
Subjective experience of emotional intensity and regulation effort. Online ratings of the intensity of negative emotions after regulation showed an interaction between picture category (spider and aversive) and regulation instruction [look, up and down; F(1.8, 23.5) ¼ 11.23, P < 0.01; Table 1 ]. The regulation was successful in both the spider and aversive picture category and led to significant stronger emotions in response to phobic pictures compared with aversive pictures within each regulation instruction (all P < 0.001). However, in response to aversive pictures a stronger up-regulation (up > look) was observed compared with phobic pictures (P < 0.01). 
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The regulation effort showed an interaction between picture category and regulation instruction [F(1,13) ¼ 64.66, P < 0.001]. In response to spider pictures regulation was associated with more effort for down-regulation compared with up-regulation (P < 0.001). However, in the aversive picture category up-regulation did not differ from downregulation. A comparison of the emotional picture categories revealed higher effort in the spider category for downregulation and lower effort for up-regulation of emotions (all P < 0.001).
Neural responses (i) Down vs look
On the neural level down-regulation was associated with activity in reappraisal-related structures towards spider pictures (early: dlPFC and dmPFC; Table 4 ) and aversive pictures (early: right rACC; middle: right dlPFC, dmPFC, vmPFC, rACC, left vlPFC). A down-regulation of activity was found in the insula (early and late) and dACC (middle) for spider but not for aversive pictures.
(ii) Up vs look Up-regulation of emotional responses towards phobic pictures (up > look) was associated with activity in numerous emotional experience and regulation-related brain regions (early: right precentral gyrus, left supramarginal gyrus, left vmPFC, dACC, rACC, vlPFC, amygdala, insula; middle: dACC, insula, left vlPFC; Table 5 ). For aversive pictures a similar activation pattern (early: dACC, left rACC, vlPFC, amygdala, left insula; middle: left calcarine fissure, right superior temporal pole, right cerebellum, dACC, insula, left vlPFC) with additional significant activity in dorsolateral and dorsomedial PFC areas (early and middle phase) was observed (Table 5) .
Looking at spider pictures compared with up-regulating phobic responses resulted in stronger activity in the right inferior parietal cortex (late), whereas no differences were observed for aversive pictures. (iii) Downlook (aversivespider)
To figure out regulation deficits in response to phobic compared to generally aversive stimuli, regulatory activity was compared between the emotional picture categories (Tables 4 and 5 ). The deficit in the down-regulation of responses elicited by phobic material is reflected in decreased activity in the right rACC (early) and the right dmPFC 
Exploratory analyses for all contrasts and the ROI analysis for Look-Up in the aversive category showed no significant results; side: hemisphere; L: left; R: right; x y z: MNI coordinates; t: maximum t-value.
(middle; Figure 3 ) when down-regulating phobic compared to generally aversive emotional responses within spider phobics.
(iv) Uplook (spideraversive) Activation during up-regulation of phobic compared to generally aversive emotional responses (spideraversive) was found in the left and right rACC (early phase; Figure 4) .
DISCUSSION
This study was conducted to disentangle the neural correlates of automatic emotion regulation deficits and problems in the effortful regulation of phobic compared with non-phobic emotional responses in spider phobic subjects. Emotion induction was successful and led to 
Exploratory analysis Inferior parietal gyrus R --39 À66 57 5.97
The contrast up-look for aversive-spider pictures showed no significant exploratory results; side: hemisphere; L: left; R: right; x y z: MNI coordinates; t: maximum t-value.
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Automatic emotional dysregulation
In accordance with an automatic regulation deficit of phobic compared to non-phobic emotional responses within phobics enhanced activity in the dACC and the left insula was observed for spider compared with aversive pictures. The dACC plays an important role in the expression of (conditioned) fear responses (Milad et al, 2007b; Quirk and Beer, 2006; Etkin and Wager, 2007) and in the up-regulation of amygdala activity (Quirk and Beer, 2006; Corcoran and Quirk, 2007) . Interestingly, there was no significant amygdala activity in the 'look' condition for phobic compared with generally aversive pictures. However, the correlation between amygdala activity and symptom severity supports the idea of a hyperresponsive amygdala-centered fear network as a main feature of phobic disorders.
As expected, we found reduced activity in the vmPFC which is assumed to reflect a deficit in the automatic regulation of emotions in response to phobic stimulation . This has also been observed in other anxiety disorders as, e.g. posttraumatic stress disorder (Etkin and Wager, 2007; Rauch, 2006, 2007a) . The time course of neural activity in the vmPFC was characterized by a late deactivation towards spider stimuli compared with aversive stimuli. The finding of depressed activity in this region is known in both rat and human fear conditioning and extinction studies (Garcia et al., 1999 , Milad et al., 2007c , Phelps et al., 2004 . A bottom-up influence of the amygdala on the PFC is assumed to be related to this depressed activity in the vmPFC, although no significant amygdala activity for spider vs aversive pictures was found in this study. Milad et al. (2007c) supposed that such a signal depression might be needed to allow the expression of fear responses. Heterogenous previous results concerning vmPFC activity in specific phobia (Straube et al., 2006a; Hermann et al., 2007; Schienle et al., 2007) might partly be due to the specific time course of deactivation (late response) observed in this study. Previous studies modelled short responses (Dilger et al., 2003; Straube et al., 2006a) or defined other regions of interest (Straube et al., 2006b) . However, studies showing diminished (vm)PFC activity used longer stimulus presentation times (Johanson et al., 1998 (Johanson et al., , 2006 Carlsson et al., 2004; Hermann et al., 2007; Schienle et al., 2007) . Hemodynamic modelling as done in the present study might therefore help to better understand the underlying brain mechanisms.
It is very important to emphasize that the observed differences in response to spider vs. aversive pictures were only found within a spider phobic group, and so do not necessarily be present in comparison to control subjects. Since our design does not allow for a meaningful examination of non-phobic subjects, due to the effortful regulation conditions in response to phobic stimuli, we need to restrict the interpretation of our results to individuals with spider phobia.
Effortful down-regulation of emotions Down-regulation of emotional responses resulted in enhanced activity in dorsal PFC areas as seen in other emotion regulation studies (Ochsner et al., 2004; Gross, 2005, 2007; Phan et al., 2005; Goldin et al., 2008; Johnstone et al., 2007) . Since the dlPFC has few direct connections to subcortical structures like the amygdala (Ochsner and Gross, 2007) , it is assumed that the regulation of activity in these structures takes place by influencing (ventro)medial PFC areas (e.g. rACC), which in turn have reciprocal connections to these subcortical structures (Phelps, 2006; Urry et al., 2006; Johnstone et al., 2007) . In line with this, activity in the vmPFC and rACC was observed during down-regulation of emotions in response to aversive pictures; yet, it was absent for down-regulation of phobic responses. However, activity in vlPFC regions was found for both picture categories and supports the importance of this region for the regulation of emotions (Lieberman et al., 2007) . Regarding the role of the insula in the processing of emotions Wager and Feldman Barrett, 2004) , a reduction of insula activity during phobic down-regulation might be related to the attenuation of the emotional experience. This effect was also seen in the dACC, a region critically involved in the processing of phobogenic material in phobic subjects Etkin and Wager, 2007) . In contradiction to our hypotheses, we did not find a down-regulation of activity in the amygdala. Furthermore, during down-regulation of emotions induced by aversive pictures no significant attenuation of activity in any brain region could be observed. This might be due to stronger evoked activity for spider vs. aversive pictures (as seen in the 'look' condition e.g. in the dACC and insula) resulting in a higher probability of significant down-regulation in these regions in the phobic category.
Diminished activity in the dmPFC during effortful downregulation of phobic compared to non-phobic emotional responses within spider phobics is in accordance with previous results in blood-injection-injury phobic patients . As this region is important in the effortful down-regulation of emotions Gross, 2005, 2007; Goldin et al., 2008) , the current results support the role of this region in a phobia-specific down-regulation deficit within spider phobics. In addition, we observed stronger activity in the right rACC for non-phobic down-regulation, a region involved in the automatic regulation of emotions (Ochsner and Gross, 2005) . As effortful emotion regulation mechanisms are thought to modulate activity in subcortical structures by influencing neural systems involved in more automatic processes as, e.g extinction (Phelps, 2006) , it is supposed that phobics are less capable in recruiting this brain region during down-regulation of emotions in response to phobic compared with generally aversive material. Regarding the timing differences, it is noticeable that dlPFC and dmPFC activity appears earlier during decreasing emotions in response to phobic than aversive stimuli. Phobic compared to non-phobic individuals are typically characterized by higher vigilance followed by stronger avoidance responses to phobic stimuli (Weierich et al., 2008) . As importantly pointed out by a reviewer, the early phobic PFC activity might be associated with immediate cognitive avoidance in response to phobic stimuli, preventing the development of a full emotional response. According to the Emotional Processing Theory (Foa and Kozak, 1986; Foa et al., 2006) such cognitive avoidance interferes with a full activation of the fear response that is necessary for habituation during treatment. The downregulation instruction might have triggered cognitive avoidance mechanisms in response to phobic material, resulting in diminished activity in the insula. This cognitive avoidance might in the long-term be associated with the maintenance of phobic fear.
Effortful up-regulation of emotions As expected, the up-regulation of emotions led to increased activity in regions like the amygdala, insula and dACC. According to Larson et al. (2006) , the amygdala had an early activation peak and did not show sustained activity. On the other hand insula and dACC showed longer lasting responses (early and middle phases) during up-regulation. The amygdala might therefore be necessary for the initiation but not the further monitoring of up-regulation of emotions. Further activity was found in ventral medial PFC regions (e.g. rACC), which are important in the regulation of activity in structures such as the amygdala.
The direct comparison of picture categories (spider vs. aversive) revealed a stronger involvement of the rACC in the up-regulation of emotional responses towards phobic compared with non-phobic material. As mentioned above, higher activity in rACC was also observed during downregulation for aversive pictures. Thus, this region seems to be critical for effective emotion regulation because it shows stronger activity when emotion regulation can more easily be achieved. The activation pattern in the rACC could be related to the maintenance of phobic disorders; mainly, because of its importance in the regulation of e.g. amygdala activity (Quirk, 2007) . This might occur because of a more automatic and easier up-regulation and a more difficult down-regulation of phobic compared with non-phobic emotional responses within spider phobics in the anticipatory, actual and late emotional processing in phobic situations. Diminished rACC activity is frequently found in posttraumatic stress disorder and iswithin this disorderassociated with a reflexive emotion regulation deficit (Etkin and Wager, 2007; Rauch et al., 2006) .
Emotion regulation conceptualization of specific phobias
Based on these results we propose a model that attempts to explain phobic disorders from an emotion regulation perspective. We assume that phobic compared to nonphobic emotional reactions within phobics are characterized by a deficient response in the neural mechanisms involved in automatic emotion regulation as reflected especially in depressed activity in the vmPFC. Anomalies in effortful emotion regulation mechanisms in response to phobic material might be associated with difficulties in the recruitment of the dmPFC and rACC during down-regulation. Enhanced activity in the rACC further seems to be related to a Emotion regulation in spider phobia SCAN (2009) 9 of 11 facilitated up-regulation of phobic emotional responses. Timing results further suggest that cognitive avoidance might play a role in phobic down-regulation, possibly leading to an immediate suppression of the emotional response rather than an objective evaluation of threat, as indicated by early prefrontal cortex and reduced early insula activity. One can say by summarizing that an easier up-regulation by catastrophizing thoughts and a reduced ability to voluntarily down-regulate these emotions might be an essential factor in the maintenance of phobic disorders. At this point it seems to be critical to emphasize that the results and conclusions of this study are restricted to emotional processes within spider phobic individuals. Due to the experimental design, a meaningful investigation of non-phobic subjects is not possible. So, the abovementioned deficits characterize emotional processing in response to phobic vs non-phobic emotional stimuli in phobics rather than differences between phobic and non-phobic persons. Future studies are needed to clarify the role of differential variables as for example the habitual use of reappraisal or suppression (John and Gross, 2007) in the investigation of the neural correlates and the treatment of phobic disorders.
